AD-A053  787 
UNCLASSIFIED 


NAVY  EXPERIMENTAL  DIVING  UNIT  PANAMA  CITY  FLA  F/6  6/17 

EVALUATION  OF  A FULL  FACE  MASK  FOR  INCORPORATION  INTO  THE  SMIMM~CTC(U) 
MAR  78  R K O’BRYAN 

NEDU-3-78  NL 


I OF  I 
AD 

A053787 


• ■ 

u 

ii  ^ 

4-- 

A 

END 

' 1 \ 

•li  -j' 

III  :l. 

J 

■ma 

sTAUS 


IM  NWV  RE.FE.R  TO: 


DEPARTMENT  OF  THE  NAVY 
NAVY  EXPERIMENTAL  DIVING  UNIT 
PANAMA  CITY.  FLORIDA  at407 


OD 

CO 


< 


NAVY  EXPERIMENTAL  DIVING  UNIT 
REPORT  NO.  3-78 

EVALUATION  OF  A FULL  FACE  MASK  FOR 
INCORPORATION  INTO  THE  SWIMMER  LIFE 
SUPPORT  SYSTEM  MK  1 


By: 

Robert  K.  O'Bryan 
LCDR,  MC,  USN 


tt 

14  March  1978 

o 

CJ> 

IJUl 

1 

u. 

CL9 

Submitted  by: 

Reviewed  b^ 

/ / f / 

ROBERT  K.  O'BRYAN 

W.  H.  SFAUR 

LCDR,  MC,  USN 

CAPT,  MC,  USN 

A.  BARTHOLOMEW 
CDR,  USN 

Commanding  Officer 


DiSTRinffiloirSTJP 


Approvad  lor  pahBe  „ 
DUtdbmioa  UaUiidla^ 


DNCLASSIFIED 


»»CUWITV  CUMMytCATlOW  or  this  ^*Ot  fWti—  Dim  gwiwo 

REPORT  DOCUMENTATION  PAGE  bepore^c^pletwc^orm 

HUMacR  12.  oovT  AcceuioN  NO.  I.  neci^iCNT’t  cataloo  NUMaen 


REPORT  DOCUMENTATION  PAGE 

I.  HtPOMT  HUMaCR  |2.  OOVT 

NEDU  REPORT  NO.  3-78 

«.  TITLC  (ltd  SuMlld) 


/fiVALUATION  OF  A JULL  FACE  ^SK  FOR 
I INCORPORATION  lOTO  THE  SWIMMER  j^IFE, 
- . \fiUPPORT  aySTEM  MK  S . 

^ - ^ 

Robert  k.  p'BRYANj,  lcdr,  mc,  usn 

• PCnroNMINO  ORGANIZATION  MAMC  ANO  AODNCSS 

NAVY  EXPERIMENTAL  DIVING  UNIT 
PANAMA  CITY,  FLORIDA  32407 

It.  CONTItOLLINO  O^nCt  HAMt  AND  AODMCtS 


I.  Type  OP  nepOMT  • pemoo  covepeo 

mjirna.  , . w „ J 

PC^TPOPMiNo  ono.  Aepg^  numscn 

CONiPACT  on  ORANT  NUMiCR<*i 


7/r^a  - 


D.  PnOOflAM  CLtMCNT.  project.  TA$K 
AfICA  A «OMK  UNIT  NUMtCfIt 


l«  OlSTNfAuriON  STATCMCNT  (oi  tftit 

Approved  for  public  release;  distribution  unlimited. 

IT.  DISTttiauTION  ST  ATCMCNT  fo/  (A*  dbttrdel  mcnd  In  Block  iO,  II  dlllonnl  Bom  Koport) 

IS.  SUPPLeMCNTARV  NOTES 


It.  KEY  WONOS  (Continue  on  tororco  oldo  II  nocoooorr  ond  Idonlllr  kr  block  number) 

EVALUATION 

FULL  FACE  MASK  /I' ' 

SLSS  MK  1 ■ 

j-  .) 


.12.  NEPONT  DATE 

1 14  Mar^M 

»78  1 

Ifi  .Jj. 

It.  SCCUNITY  CL4l||;^l  IMm  fp 

UNCLASSIFIED 

r 

It*.  OecCTAtSlFICATlON/OOWNCRAOlNO 
tCHEDULC 

T< 


20.  A.STli  ACT  (Conllnuo  on  rororoo  oldo  II  nococemr  end  Idonlllr  by  block  mmbot) 

"^hei'^LSS  MK  r with  the  Full  Face  Mask  (FFM)  was  tested  for  its 
eUbiiity  to  support  a diver  performing  sustained  heavy  work  at 
operational  depth.  During  exercise  sequences,  measured  para- 
meters were  the  divers'  heart  rates,  oral-nasal  mask  differ- 
ential pressures,  and  the  oxygen  and  carbon  dioxide  fractions 
of  inspired  and  expired  gas.  Analysis  of  the  data  clearly 
demonstrates  that  the  system  supports  a working  diver  without-^ 


DO  /.SS-T.  1473  EDITION  OE  I NOV  IS  OBtOUCTB 


S/N  0l02>0l4>  SSOI  I 


UNCLASSIFIED 

tieUMiTV  ^LASSiriCATION  OP  THIS  PAOE  ( 


^ l!^ 


.L<-iimTv  CL»SStric*Tiow  or  this  F»ogfir»— Pf  EntfO 


20.  (Continued) 

causing  either  a decrement  in  work  performance  or 
abnormal  retention  of  carbon  dioxide.  In  addition, 
it  was  demonstrated  that  the  external  resistance  to 
breathing  was  significantly  lower  with  the  FFM-hose 
assembly  compared  with  similar  data  obtained  with  the 
MK  VI  Mod  0 mothpiece-hose  assembly. 
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ABSTRACT 


The  SLSS  MK  1 with  the  Full  Face  Mask  (FFM)  was  tested  for 
its  ability  to  support  a diver  performing  sustained  heavy 
work  at  operational  depth.  During  exercise  sequences, 
measured  parameters  were  the  divers'  heart  rates,  oral-nasal 
mask  differential  pressures,  and  the  oxygen  and  carbon  dioxide 
fractions  of  inspired  and  expired  gas.  Analysis  of  the 
data  clearly  demonstrates  that  the  system  supports  a working 
diver  without  causing  either  a decrement  in  work  performance 
or  abnormal  retention  of  carbon  dioxide.  In  addition,  it 
was  demonstrated  that  the  external  resistance  to  breathing 
was  significantly  lower  with  the  FFM-hose  assembly  compared 
with  similar  data  obtained  with  the  MK  VI  Mod  0 mouthpiece- 
hose  assembly. 
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EVALUATION  OF  A FULL  FACE  MASK  FOR  INCORPORATION 
INTO  THE  SWIMMER  LIFE  SUPPORT  SYSTEM  MK  1 

The  Swinmier  Life  Support  System  MK  1 (SLSS  NK  1)  is  an 
electronically  controlled,  closed-circuit,  mixed  gas,  self- 
contained  underwater  breathing  apparatus.  In  its  present 
configuration,  the  system  is  provided  with  a MK  VI  Mod  0 
mouthpiece.  With  the  increasing  complexities  of  diver  mission 
assignments,  it  has  become  of  paramount  importance  to  develop 
a system  that  provides  better  diver  to  diver  communication 
compared  to  the  MK  VI  Mod  0 mouthpiece.  The  Full  Face 
Mask  (FFM)  was  designed  to  provide  this  characteristic. 

It  consists  of  an  AGA  mask  modified  to  interface  with 
the  SLSS  MK  1 system  (Figure  1) . Incorporated  into  the 

mask  are  a rotating  shut-off  valve,  an  oral-nasal  cavity,  | 

and  two  one-way  Koegel  valves  situated  at  the  inlet  and 

outlet  of  the  mask  assembly.  These  valves  are  three-leafed,  | 

conical  valves  with  low  resistance  to  gas  flow  (-»-  6 cm  H^O  j!; 

at  190  FSW  on  air  with  a respiratory  minute  ventilation  of  ji! 

approximately  60  liters  per  minute)  . !|i 
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The  use  of  a Full  Face  Mask  (FFM)  with  an  oral-nasal  cavity 


presents  two  potential  physiological  problems  for  a diver: 

(i)  an  oral-nasal  cavity  may  increase  ventilatory  dead 
space  and  cause  abnormal  carbon  dioxide  retention,  and  (2) 
excessive  external  resistance  of  the  mask  and  UBA  to  ventilation 
may  decrease  maximum  work  performance  and/or  cause  carbon  dioxide 
retention.  To  confirm  the  capability  of  the  SLSS  MK  1 with  FFM 
to  support  a diver  performing  sustained  heavy  work  at  operational 
depths,  this  system  was  studied  during  the  decompression  phase  of 
a 1500  FSV;  experimental  saturation  dive  conducted  at  NEDU 
during  November  and  December  1977.  The  purpose  of  the  study 
was  to  ensure  that  the  system  would  not  impose  a significant 
restriction  to  ventilation,  or  cause  abnormal  carbon  dioxide 
retention  during  graded  exercise. 

METHODS 

The  experimental  dive  was  conducted  in  the  Ocean  Simulation 
Facility  of  the  Navy  Experimental  Diving  Unit.  Five  experienced, 
U.S.  Navy  male  divers  participated  in  this  study.  Physical 
characteristics  of  the  men  are  depicted  in  Table  1.  All  subjects 
performed  calisthenics  and  runs  of  up  to  7 km  five  days  per 
week  for  eight  weeks  prior  to  the  dive.  In  addition,  each 
man  performed  up  to  20  underwater  work  cycles,  similar  to  the 
experimental  protocol,  during  this  pre-dive  period. 
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Each  diver  wore  the  SLSS  MK  1 closed  system  UBA  Interfaced 
with  the  Full  Pace  Mask.  The  breathing  hoses  were  3.8  cm  in 
diameter,  compared  with  a diameter  of  2.5  cm  in  the  hoses  presently 
in  use.  During  all  studies  the  breathing  gas  was  Nitrogen- 
Oxygen,  and  the  UBA  was  set  to  maintain  an  oxygen  partial 
pressure  of  0.7  ATM. 

Exercise  consisted  of  six-minute  work  periods,  separated 
by  four  minutes  of  rest,  on  an  especially  modified  pedal 
ergometer  (James  1976)  mounted  in  a horizontal  attitude  on  a 
frame  approximately  ten  feet  underwater.  Work  began  at  25  watts, 
and  was  increased  by  25  watts  with  each  successive  work  period 
until  diver  exhaustion  occurred.  The  water  temperature  was 
maintained  at  29 °C.  The  study  began  at  a depth  of  150  FSW, 
and  was  conducted  during  standard  U.S.  Navy  Saturation 
Decompression  to  a depth  of  120  FSW. 

Convencicnal  FCG  leads  were  fastened  to  the  divers ' chests 
for  measurements  of  heart  rates.  Gas  samples  were  taken  from 
the  Inhalation  and  exhalation  hoses  of  the  underwater  breathing 
apparatus  just  proximal  and  distal  to  the  respective  flow 
directing  valves.  The  gas  samples  were  directed  at  an  appropriate 
flow  rate  to  a mass  spectrometer  located  outside  the  chamber. 

The  Full  Face  Mask  was  instrumented  with  a Validyne  differential 
pressure  transducer  that  referenced  the  pressure  in  the  oral- 
nasal  cavity  to  the  water  pressure  just  outside  the  face  plate 
(Figure  2) . During  the  final  minute  of  each  exercise  sequence 
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rocordinqs  wore  made  of  heart  rate,  the  oxygen  and  carbon 
•lioxido  fractions  of  the  inhaled  and  end  expired  gas  samples, 
and  the  differential  pressures  recorded  inside  the  oral~nasal 
mask . 

RESULTS 

Figure  3 shows  mean  heart  rates  plotted  against  work  loads 
at  32  FSW  and  at  depths  between  150  and  120  FSW.  The  heart 
rate,  which  is  directly  proportional  to  the  oxygen  consumption, 
increased  in  a linear  fashion  with  increasing  work  loads 
at  all  depths.  The  plots  obtained  are  similar,  and  the  mean 
heart  rates  for  the  maximum  work  loads  at  32  FSW  and  at 
depth  were  146  and  154  respectively.  If  it  is  assumed  that 
actual  work  output  was  30%  greater  than  that  indicated  on 
the  ergometer  (Costill  1971)  , or  if  the  heart  rates  are 
correlated  with  values  obtained  during  work  in  the  dry  laboratory, 
the  estimated  oxygen  consumption  at  maximum  tolerated  work  was 
in  excess  of  3 liters  per  minute  (Astrand,  1970) . In  all 
studies  the  partial  pressure  of  oxygen  on  the  inspired  gas 
varied  between  .6  and  .9  atmospheres. 

Figure  4 shows  mean  oral-nasal  mask  differential  pressures 
versus  work  loads  at  32  FSW  and  at  depth.  At  32  FSW,  the 
differential  pressures  increased  minimally  from 
rest  through  the  50  watt  work  cycle  (7  to  8 cm  H~0).  From 
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50  to  150  watts  there  was  a near  linear  increase  from 

8 to  18  cm  H^O.  At  depth/  however/  there  was  a linear  increase 

in  pressure  from  rest  to  100  watts  (6  cm  to  16  cm  H^O) , 

following  which  there  was  an  increasing  rate  of  rise  with  each 

succeeding  work  cycle/  with  a maximum  mean  differential  pressure 

of  38  cm  H2O  recorded  during  the  150  watts  work  cycle.  j 

i 
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Figure  5 shows  mean  end  tidal  carbon  dioxide  versus  work  | 

at  depths  between  150  and  120  FSW.  There  was  a near  linear 
rise  in  end  tidal  CO^  from  a mean  of  37.5  mmHg  at  rest  to  a 
mean  of  46.7  mmHg  at  150  watts.  At  no  time  did  significant 
levels  of  CO2  appear  in  the  inhaled  gas. 

DISCUSSION 

The  amount  of  work  man  can  perform  in  a dry  environment 
usually  is  limited  by  the  function  of  the  cardiovascular 
system.  In  diving/  however,  ventilation  often  proves  to  be 

the  primary  limitation.  If  a diver's  ability  to  increase  effective  « 

& 

ventilation  with  increasing  ventilatory  requirements  is  ■ 

diminished/  the  level  of  carbon  dioxide  in  the  blood  and 

tissue  rises.  As  this  occurs,  a number  of  physiological 

responses  may  occur,  some  of  which  can  prove  hazardous,  or  even 

fatal  to  a diver,  especially  when  diving  in  a closed  circuit 

UBA.  Among  these  are:  (1)  decreased  mental  and  physical 

performance,  (2)  potentiation  of  inert  gas  narcosis,  decompression 

sickness,  and  oxygen  toxicity;  and  (3)  progressive  somnolence 


possibly  resulting  in  unconsciousness.  It  is  obvious,  then, 
that  ventilatory  restrictions  to  diver  work  performance  play 
a major  role  in  the  design  criteria  for  any  piece  of  underwater 
breathing  apparatus. 

Restrictions  to  adequate  ventilation  usually  result 
from  one  of  two  factors.  First,  elevated  breathing  gas 
density  increases  the  resistance  to  gas  flow  in  the  airways 
of  the  lungs  and  in  the  breathing  apparatus.  This  can  result 
in  either  an  excessive  work  of  breathing  with  a subsequent 
deterioration  of  useful  work  output,  or  a reduction  in  adequate 
ventilation  accompanied  by  CO2  retention.  If  the  restriction 
is  sufficiently  severe,  both  a reduction  in  work  output 
and  carbon  dioxide  retention  may  occur.  The  second  factor 
that  may  lead  to  inadequate  ventilation  is  elevated  carbon 
dioxide  levels  in  the  inspired  gas.  In  such  a situation,  the 
diffusion  gradient  for  CO2  between  the  blood  and  breathing  gas 
is  reduced,  and  in  order  to  maintain  normal  CO2  transport  out 
of  the  body,  there  must  be  a corresponding  increase  in  venti- 
lation. If  the  diver  is  unable  to  increase  ventilation,  carbon 
dioxide  will  be  retained.  In  an  apparatus  such  as  the  SLSS  MK  1 
with  FFM,  elevated  ambient  CO2  could  occur  with  either  an 
inefficient  carbon  dioxide  absorbent  bed  or  an  excessively  large 
dead  space.  It  was  the  purpose  of  this  study  to  determine  if 
the  MK  1 SLSS  with  FFM  could  support  a diver  performing  heavy 
work,  equivalent  to  an  oxygen  consumption  of  3 liters 
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per  minute,  without  causing  an  unacceptably  large  restriction 
to  ventilation  with  resultant  decreased  work  performance, 
or  carbon  dioxide  retention. 

Figure  4,  a graphic  depiction  of  oral-nasal  differential 
pressure  versus  work  load,  represents  the  external  resistance 
to  breathing  that  the  diver  experienced  during  work.  As  can 
be  seen,  the  peak  pressures  recorded  at  depth  rose  from  a value 
of  6 cm  H2O  at  rest  to  a maximum  of  38  cm  H^O  during  the 
150  watts  work  cycle.  While  these  values  for  external 
resistance  are  moderately  high,  it  is  important  to  note  that 
the  divers  were  able  to  complete  work  cycles  equivalent  to  an 
oxygen  consumption  in  excess  of  3 liters  per  minute  without 
any  decrement  in  work  performance  compared  to  surface  work. 

In  addition.  Figure  6 compares  the  differential  pressures 
obtained  at  depth  in  this  study  with  the  oral-nasal  differential 
pressures  obtained  during  graded  exercise  studies  utilizing 
the  SLSS  MK  1 with  the  MK  VI  Mod  0 mouthpiece,  conducted  at 
a depth  of  130  FSW  during  an  experimental  saturation  dive  at 
NEDU  in  April  of  1976  (Zumrick) . This  comparison  reveals  quite 
clearly  that  the  differential  pressures  produced  during 
I graded  exercise  utilizing  the  FFM-hose  assembly  at  150  FSW 

I were  nearly  one  half  the  pressures  produced  using  the 


i. 

i MK  VI  Mod  0 mouthpiece-hose  assembly  at  130  FSW. 


Figure  5 shows  that  the  mean  end  tidal  P, 


which 


reflects  arterial  blood  P _ , rose  from  a mean  value  of  37.5  mmHg 

CO2 

at  rest  to  a mean  of  46.7  mmHg  at  150  watts.  This  rise  in  end  tidal 
P is  normal  for  a diver  at  depth  breathing  a dense  gas 

V 2 

during  exercise.  It  can  be  concluded,  therefore,  that 
neither  the  external  resistance  to  ventilation,  nor  the 
dead  space  of  the  Full  Face  Mask  assembly  were  excessive. 


SUMMARY 

The  breathing  characteristics  of  the  SLSS  MK  1 with  the 
Full  Face  Mask  were  studied  at  150  to  120  FSW  during  the 
decompression  phase  of  a 1500  FSW  experimental  dive.  It 
was  clearly  demonstrated  that  the  apparatus  can  support  a 
diver  performing  sustained  heavy  exercise  at  operational 
depths  without  either  a decrement  in  work  performance  or 
abnormal  carbon  dioxide  retention.  In  addition,  it  was 
shown  that  the  differential  pressures  produced  utilizing 
the  FFM-hose  assembly  were  approximately  one-half  of  those 
recorded  with  the  MK  VI  Mod  0 mouthpiece-hose  assembly. 
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figure  2:  Full  Face  Ilask  Shov;ing  Gas  Sample  Ports 


Figure  3.  Full  face  mask  with  SLSS  MK  1:  Heart  rate  with  graded 

exercise  - mean  values  for  divers  completing  each  work  rate 


Figure  4.  FFM  with  SLSS  MK  1:  Oral  naaal  differential  pressure  with 
graded  exercise  - mean  values  for  divers  completing  each 
work  rate 


Figure  5.  End  tidal  ^C02  with  graded  exercise  at  depths  between  150  and 
120  FSW  - mean  values  for  divers  completing  each  work  rate 


Figure  6.  Comparison  of  SLSS  MK  1 with  MK  VI  MOD  0 mouthpiece  at  130  FSW 
to  SLSS  MK  1 with  face  mask  at  depths  between  150  and 
120  FSW  and  at  150  FSW 


